Study Objective: Incidence of inadvertent perioperative hypothermia is still high; therefore, present guidelines advocate "prewarming" for its prevention. Prewarming means preoperative patient skin warming, which minimizes redistribution hypothermia caused by induction of anesthesia. In this study, we compared the new self-warming BARRIER EasyWarm blanket with passive thermal insulation regarding mean perioperative patient core body temperature. Design: Multinational, multicenter randomized prospective open-label controlled trial. Setting: Surgical ward, operation room, postanesthesia care unit at 4 European hospitals. Patients: A total of 246 adult patients, American Society of Anesthesiologists class I to III undergoing elective orthopedic; gynecologic; or ear, nose, and throat surgery scheduled for 30 to 120 minutes under general anesthesia. Interventions: Patients received warmed hospital cotton blankets (passive thermal insulation, control group) or BARRIER EasyWarm blanket at least 30 minutes before induction of general anesthesia and throughout the perioperative period (intervention group). Measurements: The primary efficacy outcome was the perioperative mean core body temperature measured by a tympanic infrared thermometer. Secondary outcomes were hypothermia incidence, change in core body temperature, length of stay in postanesthesia care unit, thermal comfort, patient satisfaction, ease of use, and adverse events related to the BARRIER EasyWarm blanket. Main Results: The BARRIER EasyWarm blanket significantly improved perioperative core body temperature compared with standard hospital blankets (36.5°C, SD 0.4°C, vs 36.3, SD 0.3°C; P b .001). Intraoperatively, in the intervention group, hypothermia incidence was 38% compared with 60% in the control group (P = .001). Postoperatively, the figures were 24% vs 49%, respectively (P = .001). Patients in the intervention group had significantly higher thermal comfort scores, preoperatively and postoperatively. No serious adverse effects were observed in either group. Conclusions: Perioperative use of the new self-warming blanket improves mean perioperative core body temperature, reduces the incidence of inadvertent perioperative hypothermia, and improves patients' thermal comfort during elective adult surgery.
Introduction
Perioperative hypothermia is defined as a patient core temperature less than 36°C. Incidence of postoperative hypothermia in elective surgery is reported to be 26% to 90% [1] . However, it is a preventable anesthesia-and surgery-related complication that affects patients' outcome. Specifically, hypothermia is associated with an increased risk of surgical site infections, bleeding, postoperative shivering, and cardiovascular complications [2] [3] [4] [5] . Despite overwhelming evidence, a survey in 16 European countries on intraoperative patient temperature management revealed that only 40% of patients under general anesthesia were warmed and 20% were perioperatively monitored with respect to body temperature [6] . Under regional anesthesia, 28% of patients were warmed, and 6% had their temperature taken. Unsurprisingly, such inferior surgical patient thermal management may negatively impact not only patient outcome including patient satisfaction but also total hospital treatment costs [7, 8, 9] .
Recently, the German S3 guideline on "Prevention of Inadvertent Perioperative Hypothermia" has been published [8] . In Germany, clinical guideline development is governed by the "Association of the Scientific Medical Societies" ("AWMF"). "S3" labels the highest guideline standard, which combines the best available level of evidence with formal consensus. In contrast to the older National Institute for Health and Care Excellence, UK guideline CG65 [9] , "prewarming" as a preventive strategy in surgical patients' thermal management is now strongly recommended and supported by high-level evidence [10, 11] .
Prewarming means warming patients' skin and peripheral tissues before induction of anesthesia, which decreases the central-to-peripheral temperature gradient. Consequently, core heat loss which results from thermal redistribution after the onset of anesthesia can be minimized [12] .
Several devices, for example, convective or conductive, are available to actively prewarm surgical patients; however, all depend on external electrical sources [13] . In contrast, the new BARRIER EasyWarm blanket (Mölnlycke Health Care AB, Gothenburg, Sweden) is a disposable, self-warming device.
The goal of the present study was to compare this new active self-warming blanket with passive thermal insulation and to investigate its feasibility as a perioperative warming strategy. We studied the effects on patients' core temperature, patients' thermal comfort, and satisfaction and noted any adverse reactions.
Specifically, our null hypothesis for the primary end point was that the average core body temperature of the control group and the interventional group was equal. To show that the BARRIER EasyWarm blanket (intervention) is more effective than thermal insulation (control), the null hypothesis must be rejected. Second, this may result in a reduced postoperative hypothermia rate and improved patient thermal comfort.
Materials and methods
This prospective, open-label, randomized, multicenter European study was approved by the Ethics Committees (no. B322201316266, 15/01/2013) of all participating hospitals (Belgium: University Hospital Leuven; Germany: University Hospital Marburg; Norway: University Hospital Oslo Ulleval; and Sweden: Hallands Hospital Varberg & Aleris Specialist Care Motala). The trial was registered on ClinicalTrials.gov (NCT01900067).
Study population and study protocol
A total of 277 adult patients undergoing elective orthopedic; gynecologic; or ear, nose, and throat surgery with a planned duration of 30 to 120 minutes and an American Society of Anesthesiologists (ASA) physical status I to III were screened for participation.
After written informed consent, eligible patients were enrolled. Exclusion criteria were ASA IV or higher, known diabetes with HbA1c greater than 6%, subjects with a medical history or current medication interfering with normal thermoregulation, the presence of skin and soft tissue disorders in areas to be covered with the blanket, or an ear temperature reading less than 36.5°C at screening.
Enrolled patients were subsequently randomized to 1 of 2 groups in a 1:1 ratio using a Web-based generator system (Automated Trial and Operations Management System; Database Integrations, Inc, Alpharetta, GA).
Interventions and measurements
Patients in the intervention group were warmed during the whole perioperative period (beginning on the ward until discharge from postanesthesia care unit [PACU]) using the BARRIER EasyWarm blanket. It produces heat by an exothermic chemical reaction (oxidation) initiated by exposure to air when the vacuum wrap is broken. Specifically, the blanket has 12 sealed pads (integrated into the blanket to warm the trunk of the patient), which contain the reacting chemicals (activated coal, clay, iron, water, salt, and sodium polyacrylate). Activation time is 30 minutes to reach 42°C, which is preserved for around 10 hours. We allowed at least 30 minutes for activation of the blanket before it was applied to the patients, at least for 30 minutes before induction of anesthesia. Patients in the control group received standard warmed hospital cotton blankets (passive insulation), which is regarded to be sufficient for preservation of normothermia in short-duration surgery according to current guidelines.
When patient core body temperature dropped less than 35.5°C, the institution's standard of care for rescue warming (eg, forced air warming) was used to treat hypothermia in both groups.
Patients' core temperature as well as room temperature was measured on the ward, just before induction of anesthesia and in the operating room (OR). After induction of anesthesia, patients' tympanic temperature and OR temperature were registered every 15 minutes. For temperature measurements, an infrared tympanic ear thermometer (BRAUN ThermoScan Pro 4000; Welch Allyn, Skaneateles Falls, NY) was used. After inspection of the outer ear canal for cerumen, at each time point, 3 measurements were performed in the same ear to minimize measurement error. Study nurses were specifically trained in thermometry according to manufacturer's instructions. Room temperature was measured using a VOLTCRAFT K101 device. In addition, the time of anesthesia induction, medications given, infused fluids, and the temperature of the administered fluids were recorded.
In the control group, sheets covering the patients were documented. In the intervention group, heat pads of BARRIER EasyWarm blankets were evaluated, and the skin in contact with the heat pads was inspected preoperatively, intraoperatively, and postoperatively.
Study end points
The mean of perioperative temperature measurements was the primary efficacy outcome of our study. The secondary outcomes of the study were the following: the number of patients experiencing hypothermia perioperatively, the change in patient temperature from the preoperative to the postoperative period, thermal comfort of patients, patient overall satisfaction, and length of stay in PACU.
Patients' assessments
All patients scored a thermal comfort scale upon arrival in the OR and at discharge from PACU. They were asked to mark thermal comfort on a 100-mm visual analog scale (VAS) where 0 mm was labeled as "worst imaginable cold," 50 mm as "neither hot nor cold," and 100 mm as "insufferably hot." Patients also completed a satisfaction questionnaire the day after surgery. Furthermore, they were asked to indicate their overall satisfaction level regarding hospital stay, again using a 100-mm VAS scale with 2 anchor points (0 mm = not at all satisfied; 100 mm = totally satisfied).
Safety outcome was the number of adverse events reported during the study period.
All collected data computerized by Mölnlycke Health Care were identified by subject number only, ensuring analysis was blinded, although blinding was not possible for patients and study personnel because BARRIER EasyWarm pads actively generate heat.
Sample size calculation
Sample size for the primary outcome end point (core body temperature) was determined using the G-Power 3 statistical package and hand computation with the formula presented by Rosner [14] . Specifically, α was set .05 for the rejection of the null hypothesis, and statistical power level β was .95. Assuming a moderate effect of the BARRIER EasyWarm blanket on core body temperature means a difference of half an SD (d = 0.5), where d = (|μe − μc|/σ) between groups. Thus, given the SD of core body temperature is around 0.4°C in the general surgical population, a moderate effect size corresponds to a mean temperature difference of 0.2°C between groups. Accordingly, the applied formula for sample size calculation is as follows:
Taking into account a dropout rate of 20% to 30%, 262 subjects should be recruited.
Statistical analysis
For the primary outcome (core body temperature), a 2-sided, independent-samples t test was used as well as for the secondary outcomes with continuous variables (thermal comfort level, patient overall satisfaction level, and length of stay in PACU). Categorical outcome variables (incidence of hypothermic subjects) were tested using Fisher exact test. All analyses were performed using Statistical Analysis System (SAS) software. The data are expressed as the mean (±SD) or number (percentage) as appropriate.
Intention-to-treat principle was used to analyze the full analysis set on all health outcome and efficacy data. The primary outcome analysis was repeated in a subset as per protocol, which excluded subjects with significant protocol violations.
Results
A total of 277 patients were screened, and finally, 246 completed the study (122 in the treatment group and 124 in the control group, Fig. 1 ). No site accounted for more than 30% of the subjects enrolled.
Dropout reasons were canceled surgery, patient prewarmed with the BARRIER EasyWarm for less than 30 minutes, missing more than 1 temperature point registration, ear not accessible for measurement during surgery, use of rescue warming when temperature was not less than 35.5°C, patient with preoperative thyroxine medication, duration of surgery less than 30 minutes, and device problems.
Demographic data (sex, age, height, weight, ASA score, and body mass index) and type or length of surgical procedure were comparable in both groups (Table 1) .
Patients' temperature measurements
Mean preoperative temperatures differed significantly in the intervention group and in the control group (36.9°C, SD ±0.3, vs 36.8°C, SD ±0.3, respectively; P = .010; Table 2 ).
Mean perioperative core body temperature was significantly higher in the intervention group than in the control group (36.5°C, SD ± 0.4, vs 36.3°C, SD ±0.3, respectively; P b .001). This was also true for the mean core body temperatures in the intraoperative period (36.5°C, SD ±0.4, vs 36.3°C, SD ±0.4, respectively; P b .001) and in the postoperative phase (36.3°C, SD ±0.5, vs 36.0°C, SD ±0.5, respectively; P b .001).
Hypothermia incidence in the perioperative period was significantly lower in the intervention group than in the control group (43% vs 68%, respectively; P b .001). The same was true for the intraoperative period (38% vs 60%, respectively; P = .001) and for the start of the postoperative phase (24% vs 49%, respectively; P = .001; Table 3 ).
Decrease of core body temperature from the preoperative to the postoperative period was significantly smaller in the BARRIER EasyWarm group compared with the control group (Table 4) . Intraoperatively, rescue warming was necessary in 5 patients of the control group and in 2 patients of the BARRIER EasyWarm group (P = .446).
Screened n=277
Eligible to be randomised n=271
Screening failure n=6

Randomised to Interventional Treatment (ITT) n=134
Randomised to Control Treatment (ITT) n=137
Completed the investigation Interventional Treatment (PP) n=122
Completed the investigation Control Treatment (PP) n=124
Early discontinuation n=13
Early discontinuation n=12 Fig. 1 Flow chart of study: screening, randomization, and analysis.
Room temperature interval
Room temperature was greater than 20.5°C in 222 subjects (90.2% of all patients) in the induction room and in 245 patients (99.6%) at discharge to PACU (Table 5 ).
Thermal comfort levels and length of stay in PACU
Thermal comfort levels were significantly higher for subjects in the BARRIER EasyWarm group compared with the control group before and after surgery (60-mm points preoperatively and 62 in PACU vs 52-mm points preoperatively and 53 in PACU, respectively; P b .001; Table 6 ). Length of stay in PACU did not differ between groups.
Patient overall hospital satisfaction
There was no difference in overall patient hospital satisfaction levels between the BARRIER EasyWarm group and the control group assessed the day after surgery (88-vs 87-mm points, respectively; P = .648; Table 6 ).
Safety outcome
No serious adverse effects were registered in either group. We observed 23 mild adverse events (ie, red spots) in the BARRIER EasyWarm group, which were all reversible. Mean and SD values rounded to 2 decimal places. P values are results of 2-tailed, independent-samples t tests.
Discussion
This open-label, randomized controlled multicenter study showed that prewarming surgical patients with the new BARRIER EasyWarm blanket for 30 minutes improves patients' mean core body temperature throughout the perioperative period.
This result is in line with a Cochrane review on surgical patient warming which demonstrated that forced-air warming increases postoperative core body temperature compared with thermal insulation, although the authors stated that the impact on patient outcome, for example, on surgical site infections, remains to be proven [15] .
Absolute increase in body temperature by the intervention was 0.3°C in our study, which may be criticized not being clinically relevant. However, we regard the significant decrease of the incidence of intraoperative and postoperative hypothermia using BARRIER EasyWarm blanket for prewarming to be more important for patient outcome not only because of less need for rescue warming. Specifically, in a recent retrospective analysis on perioperative hypothermia with 50,000 patients of the Cleveland Clinic, USA, a clear association between the duration of perioperative hypothermia and increased transfusion requirements was found. Thus, hypothermia-related outcomes should be proven in future specifically designed randomized clinical trials [16] .
To date, prewarming patients is advocated by the German S3 guideline on "Prevention of Inadvertent Perioperative Hypothermia" [8] . Means and strategies to implement this recommendation into clinical routine are debated. For example, conductive, convective, or radiant heaters all depend on external electrical sources and need continuous maintenance. Convective warming units are loud, contribute to noise pollution in the OR, and are accused to potentially increase particle and bacterial load over the surgical field by increasing air turbulence, which may lead to surgical site infection [17] . In contrast, the new (self-warming) BARRIER EasyWarm blanket works independently of external sources and thus is noiseless and can be easily integrated in the clinical pathway of the surgical patient, namely, patients' preoperative preparation on the surgical ward as we experienced in the present study. Ease of use of the blanket was confirmed by personnel on the ward as well as in the OR (data not shown).
Several clinical studies have demonstrated efficacy of prewarming; for example, Andrzejowski et al [18] studied patients undergoing spinal surgery under general anesthesia. Patients were prewarmed for 60 minutes (warming unit set at 38°C). They found a smaller decrease in core temperature intraoperatively and less perioperative hypothermia with prewarming. A study by Horn et al [19] investigated the effect of 3 durations (10, 20, and 30 minutes) of prewarming. These authors found that without prewarming, patients became more hypothermic and even 10 minutes of prewarming was effectively improving normothermia in patients. However, they used forced-air warming, which has a higher heat transfer rate than the self-warming blanket. Furthermore, they demonstrated that delayed start of active warming, for example, in the intraoperative phase when core temperature had already dropped less than 36°C, could hardly reverse or prevent further hypothermia.
Our results differ from those of a previous study [20] where the novel BARRIER EasyWarm blanket showed no superiority in preventing perioperative hypothermia compared with a special duvet. However, this study has some limitations: 4 of 29 patients in the prewarming group were hypothermic before anesthesia induction, and in the control group, they used thick duvets instead of standard cotton blankets. In addition, different methods of temperature measurement (sublingual, esophageal) were used throughout the study.
Blinding was not possible for patients and study nurses in our study; thus, results may be biased. Specifically, we may speculate that because of more alertness for patients' thermal management and patients' expectations, differences between groups may be underestimated.
As expected initial core body temperature in the intervention group was higher than in the control group on arrival in the OR. Consequently, the intervention group had a smaller drop in core temperature after induction of anesthesia, presumably due to an increased patients' heat content and higher skin temperatures (although we did not specifically measure), thus reducing the temperature redistribution from cold skin to warm body core by blood circulation. The warmed skin may also have contributed to the significantly higher preoperative thermal comfort levels of patients in the intervention group and presumably reduced stress/anxiety levels. Nonetheless, improved patients' thermal comfort did not result in better overall hospital satisfaction; however, this general rating is influenced by many variables other than body temperature, and the overall satisfaction questionnaire that we used did not specify information related to the new blanket.
Although hypothermia was avoided in many cases, still, some patients experienced hypothermia in the treatment group in spite of the fact that surgical procedures were relatively short. More prolonged surgery or major surgery with a higher risk of hypothermia may therefore be in need of additional active warming. A limitation of the self-warming blanket is that it has to be unwrapped 30 minutes before use to be fully activated, but careful planning in elective surgery can circumvent this problem.
Another limitation of our study may be the use of tympanic infrared ear thermometers. Accuracy and precision of infrared ear temperature measurement with regard to core temperature are questioned [21] . Nevertheless, in the planning and approval phase of the study, current guidelines which reject ear thermometry were not available. Moreover, ear thermometry is still widespread in clinical routine, although specific precautions have to be taken, such as correct placement of the probe, cleaning the ear of cerumen, and serial measurements taken by trained staff. While taking into account these constraints, we may assume that all bias was equally distributed between groups and participating centers.
Conclusion
In summary, we could show feasibility of the prewarming concept using a new self-warming blanket. In our hands, prewarming the patient with the novel BARRIER EasyWarm blanket 30 minutes before anesthesia reduced the risk of perioperative hypothermia compared to thermal insulation with standard hospital cotton blankets and resulted in improved patient thermal comfort without any severe adverse effects.
